ABSTRACT. A correlation between gland stiffness and electrical cell coupling in the salivary gland of Chironomus plumosus was studied by electrophysiological and mechanical measurements. Local anaesthetics, such as alcohols, procaine and chlorpromazine increased gland stiffness. On the other hand, agents influencing cell membrane components, such as glycoletherdiaminetetraacetic acid (EGTA), lipase , trypsin, butylic acid and tetraethylammonium (TEA) decreased gland stiffness. These agents all produced intercellular uncoupling at high concentrations. Alkaline and low medium temperature led to increased gland stiffness and junctional uncoupling. Acid and high medium temperature induced decreased gland stiffness and junctional uncoupling. It was found that gland stiffness had an optimum range (11-27 dyne/cm) for maintenance of cell coupling.
A force is applied to the cell surface by lowering beams bi and b2. Hi and H2 are the respective distances between beams bi and b2 at their tips without (A) and with (B) an application of force. The magnitude of the force is determined from the difference between Hi and H2. (cf. 14) and trypsin are shown as typical examples of group 11. With an increasing EGTA concentration, both gland stiffness and the coupling ratio gradually decreased (Fig. 5) . At 3 mM, the coupling ratio had decreased to 0.06 and gland stiffness also had decreased to 9.0 dyne/cm. Trypsin showed similar to EGTA (Fig. 6 ). At 0.5 mg/ml, the coupling ratio decreased to 0.06, and gland stiffness also decreased to 8.6 dyne/cm.
Butylic acid and TEA showed results similar to those of the above agents (Table 1) . They revealed a gradual decrease in both gland stiffness and the coupling ratio with an (Figs. 3-6 ), medium temperature (Fig. 7) , medium pH ( Table 5 . In these calculations, a monolayer of epithelial cells is assumed to be the regular arrangement for cells of a honeycomb structure which all have equal dimensions. rm was 3.09 megohm and rj was 0.57 megohm in a normal physiological solution. rm was 0.32-0.42 megohm and rj was 14-23 megohm when uncoupling was produced by the agents of group I. rm was 0.37-0.74 meghom and rj was 17-71 megohm when uncoupling was produced by the agents of group II. rj/rm. was 40-63 in group I and 45-100 in group II.
DISCUSSION
Cell communication has been suggested to play an important role in cellular homeostasis and in the regulation of growth and division (7, 18) . Loewenstein proposed the hypothesis that Ca2+ participates greatly in the cell communication process (16, 17, 21) . Intracellular ATP is also believed to be associate with cell communication (26) . Recently Hax et al. (9) have postulated that the intracellular calcium and cyclic AMP produced from ATP by activation of adenyl cyclase are involved in regulation of cell communication. The role of Ca2+ and ATP in maintaining the structural rigidity of the cell membrane is also well known (1, 4, 5, 22) .
Cell deformability is increased by EDTA (34) and trypsin (33) , and is decreased by ecdysterone (9) and corticosteroids (11). Weed et al. have shown that depletion of the cell's ATP or the addition of 10-4 M Ca2+ caused a decrease in the deformability of the erythrocyte membrane and a sharp rise in the viscosity of the erythrocyte suspension. ATP has a high affinity for Ca2+, thus formation of ATP-Ca2+ complexes in membranes has been proposed (5, 32) . It has been suggested that ATP could control membrane deformability by chelating the intracellular Ca2+, thereby reducing the amount of Ca2+ bound to the cytoplasmic portion of the membrane (5). Indeed, ATP can behave like EDTA in reducing the divalent cation binding of liver microsomes (4) . The magnitude of the binding tendency of Ca2+ for ATP is about 1,000 times greater than it is for AMP (1) . Anaesthetics increased gland stiffness in our experiments, and alcohols increased the surface pressure in the phospholipid monolayer (28) . Surface pressure is expressed as the negative of the change in surface tension. Therefore, the increase in gland stiffness by aneasthetics may be due to the increased tension component at the periphery of the cell.
Membrane-bound Ca2+ is displaced by procaine (2) and by chlorpromazine (27) . Alcohols and chlorpormazine displace the membrane-bound ATP (27) . Therefore, the displacement of membrane-bound Ca2+ and ATP produced by these anaesthetics may influence gland stiffness, and thus alter cell coupling.
Agents that effect the structural components of the cell membrane, such as EGTA, lipase and trypsin, decreased gland stiffness. EGTA chelates calcium bound to anionic sites at the cell periphery. Trypsin hydrolyses the peptide bonds at the cell periphery. Lipase dissolves the membrane lipids. Thus, the tension and rigidity components at the periphery of the cell may be decreased by the actions of these agents.
TEA inhibits the conductance of potassium in the cell membrane (8, 31) , which is related to intracellular Ca2+ (15) . Oleic acid inhibits ATPase and (Na+-K+)-ATPase in the cell membrane (6) . Therefore, TEA and butylic acid may both affect gland stiffness and cell coupling through intracellular Ca2+ and the membrane ATPase, respectively.
Surface pressure in the phospholipid monolayer is altered by pH (24) . Accordingly, the tension component at the cell periphery may be affected by pH. There is an optimum pH range for (Na+-K+)-ATPase activity in the lens epithelium (3). Therefore, this fact and the present results on pH suggest that the extracellular pH may have an optimum range for cell communication through ATPase activity.
As shown in Table 5 , the values of rm and rj in group II, except for lipase, are both larger than those in group I. Values of rj/rm in group II are also larger than those in group I. This means that the cell communication in group I is better than that in group II. These differences between groups I and II in rm,rj and rj/rm may be due to a different uncoupling process.
The stiffness of the gland surface may reflect both the mechanical properties of the nonjunctional membrane part and those of the junctional membrane part. Recently Peracchia (25) has reported that the freeze-fracture replica of a gap junction has a loose and irregular structure in EDTA solution and a tight and more regular hexagonal one in a Ca rich solution. Thus, when gland stiffness decreases (EGTA decreases stiffness, Table 2 ), loosening of the gap junction probably proceeds and the mechanical ridigity of the gap junction also decreases, until finally the channel structure of the gap junction breaks. In contrast, as gland stiffness increases (Ca increases stiffness, Table 2 ), tightening of the gap junction proceeds and the rigidity of the gap junction also increases, until finally its ion channel is blocked. The gap junction structure can be viewed as a liquid crystalline version of the fluid mosaic model for the cell membrane (23) . These coordinated conformational changes in the connexon at the level of the gap could be related to regulation of intercellular communication. These conformational changes may be closely related to the mechanical properties of the gap junction. In the present experiments, we found that gland stiffness has an optimum range (11-27 dyne/cm) for the maintenance of cell coupling .
Based on the above data and on results of our present experiments, intracellular calcium and ATP probably are involved in the regulation of both cell deformability and cell coupling. In conclusion, our experiments suggest that there a close correlation exists between gland stiffness and cell coupling through calcium and ATP, which are mediating substances in the maintenance of cellular homeostasis.
